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(54) CONTROLLER AND CONTROLLING METHOD OF ARRAY ANTENNA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform adaptive control 
of an ESPAR antenna such that a main beam is directed 
toward a desired wave and null is directed toward an 
interference wave with no need for imparting the 
incoming angle of receiving signal previously. 
SOLUTION: The controller 40 performing adaptive 
control of an array antenna unit 100 of ESPAR antenna 
comprising one feed antenna element AO and six 
parasitic variable reactance elements A1-A6 executes 
adaptive control shown on Fig. 8 based on a receiving 
signal y(t) at the time when a learning sequence signal 
included in a radio signal transmitted from the opposite 
transmitter is received by the feed antenna element AO 
of the array antenna unit 100, and a learning sequence 
signal r(t) generated from a learning sequence signal 
generator 41 and identical to the learning sequence 
signal to calculate and set the reactance value xm of 
each variable reactance element A1-A6 for directing the 
main beam of the array antenna unit 100 in the direction 




of desired wave and directing null in the direction of interference wave. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The radiating element for receiving a radio signal, and two or more parasitic elements 
in which only predetermined spacing was left and prepared from the above-mentioned radiating 
element, By having two or more variable reactive elements connected to two or more above- 
mentioned parasitic elements, respectively, and changing the reactance value of each above- 
mentioned variable reactive element In the control unit of the array antenna to which two or 
more above-mentioned variable reactive elements are operated as the wave director or a 
reflector, respectively, and the directional characteristics of an array antenna are changed Only 
a predetermined shift amount is made to precess the reactance value of each above-mentioned 
variable reactive element one by one. So that the dip vector of the predetermined performance- 
index value over each reactance value may be calculated and the performance-index value 
concerned may serve as max or min based on the calculated dip vector The control unit of the 
array antenna characterized by having the control means which calculates and sets up the 
reactance value of each variable reactive element for turning the main beam of the above- 
mentioned array antenna in the direction of a request wave, and turning null in the direction of 
an interference wave. 

[Claim 2] An input signal when the above-mentioned control means receives the study sequence 
signal included in the radio signal transmitted from a phase hands transmitter with the above- 
mentioned array antenna, It is the same as that of the above-mentioned study sequence signal, 
and the above-mentioned performance-index value is calculated based on the study sequence 
signal generated in the control means concerned. It is the control unit of the array antenna 
according to claim 1 which controls so that the performance-index value concerned serves as 
max, and is characterized by the above-mentioned performance index being a cross correlation 
function between the study sequence signals by which generating was carried out [ above- 
mentioned ] with the above-mentioned input signal. 

[Claim 3] An input signal when the above-mentioned control means receives the study sequence 
signal included in the radio signal transmitted from a phase hand's transmitter with the above- 
mentioned array antenna, It is the same as that of the above-mentioned study sequence signal, 
and the above-mentioned performance-index value is calculated based on the study sequence 
signal generated in the control means concerned. It is the control unit of the array antenna 
according to claim 1 which controls so that the performance-index value concerned serves as 
min, and is characterized by the above-mentioned performance index being a square error 
between the study sequence signals by which generating was carried out [ above-mentioned ] 
with the above-mentioned input signal. 

[Claim 4] It is the control unit of the array antenna according to claim 1 which the above- 
mentioned control means calculates the above-mentioned performance-index value based on an 
input signal when the above-mentioned array antenna receives the radio signal transmitted from 
a phase hand's transmitter, controls it so that the performance-index value concerned serves as 
min, and is characterized by the above-mentioned performance index being a function which 
serves as min when the envelope of the above-mentioned input signal serves as constant value. 
[Claim 5] The radiating element for receiving a radio signal, and two or more parasitic elements 
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in which only predetermined spacing was left and prepared from the above-mentioned radiating 
element, By having two or more variable reactive elements connected to two or more above- 
mentioned parasitic elements, respectively, and changing the reactance value of each above- 
mentioned variable reactive element In the control approach of the array antenna to which two 
or more above-mentioned variable reactive elements are operated as the wave director or a 
reflector, respectively, and the directional characteristics of an array antenna are changed Only 
a predetermined shift amount is made to precess the reactance value of each above-mentioned 
variable reactive element one by one. So that the dip vector of the predetermined performance- 
index value over each reactance value may be calculated and the performance-index value 
concerned may serve as max or min based on the calculated dip vector The control approach of 
the array antenna characterized by including the step which calculates and sets up the 
reactance value of each variable reactive element for turning the main beam of the above- 
mentioned array antenna in the direction of a request wave, and turning null in the direction of 
an interference wave. 



[Translation done.] 
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* NOTICES * 

JPO and 1NPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit and the control approach of the 
array antenna to which electronics control wave director array antenna equipment (it is called 
ESUPA antenna below Electronically Steerable Passive Array Radiator (ESPAR) Antenna;.) 
directional characteristics can be changed especially accommodative about the control unit and 
the control approach of the array antenna to which the directional characteristics of the array 
antenna equipment which consists of two or more antenna elements can be changed. 
[0002] 

[Description of the Prior Art] The ESUPA antenna of the conventional technique for example 
"The conventional technical reference 1 T.Ohira et al. and "Electronically steerable passive 
array radiator antennas for low-cost analog adaptive beamforming and "2000 IEEE International 
Conference It is proposed in on PhasedArray System & Technology pp.1 01 -104, Dana point, 
California, May 21-25, and the patent application of 2000" and Japanese Patent Application No. 
No. 194487 [11 to ]. This ESUPA antenna can change the directional characteristics of the 
above-mentioned array antenna by having the array antenna which consists of the radiating 
element by which electric power is supplied to a radio signal, at least one parasitic element by 
which only predetermined spacing is left and prepared from this radiating element, and electric 
power is not supplied to a radio signal, and the variable reactive element connected to this 
parasitic element, and changing the reactance value of the above-mentioned variable reactive 
element. 

[0003] As an approach for controlling the above-mentioned ESUPA antenna, in order to optimize 
the reactance value of each variable reactive element in the patent application of an application 
for patent No. 198560 [ 2000 to ], a reactance value which makes antenna gain of the specified 
azimuth max is calculated by having used Hamiltonian **. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in this conventional example, whenever 
[ arrival angle / of an input signal ] needed to be given beforehand, and there was a trouble that 
it was not practical and null could not be turned to an interference wave. 

[0005] It is in the object of this invention offering the control unit and the control approach of an 
array antenna which can carry out adaptive control so that the above trouble is solved, it is not 
necessary in control of an ESUPA antenna to give whenever [ arrival angle / of an input signal ] 
beforehand, and the main beam may be turned to a request wave and null may be turned to an 
interference wave. 
[0006] 

[Means for Solving the Problem] A radiating element for the control unit of the array antenna 
concerning this invention to receive a radio signal, Two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control unit of the array antenna to which two or more above- 
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mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed Only a 
predetermined shift amount is made to precess the reactance value of each above-mentioned 
variable reactive element one by one. So that the dip vector of the predetermined performance- 
index value over each reactance value may be calculated and the performance-index value 
concerned may serve as max or min based on the calculated dip vector It is characterized by 
having the control means which calculates and sets up the reactance value of each variable 
reactive element for turning the main beam of the above-mentioned array antenna in the 
direction of a request wave, and turning null in the direction of an interference wave. 
[0007] In the control unit of the above-mentioned array antenna moreover, the above-mentioned 
control means An input signal when the above-mentioned array antenna receives the study 
sequence signal preferably included in the radio signal transmitted from a phase hand's 
transmitter, It is the same as that of the above-mentioned study sequence signal, and the 
above-mentioned performance-index value is calculated based on the study sequence signal 
generated in the control means concerned. It controls so that the performance-index value 
concerned serves as max, and the above-mentioned performance index is characterized by being 
a cross correlation function between the study sequence signals by which generating was carried 
out [ above-mentioned ] with the above-mentioned input signal. 

[0008] In the control unit of the above-mentioned array antenna furthermore, the above- 
mentioned control means An input signal when the above-mentioned array antenna receives the 
study sequence signal preferably included in the radio signal transmitted from a phase hand's 
transmitter, It is the same as that of the above-mentioned study sequence signal, and the 
above-mentioned performance-index value is calculated based on the study sequence signal 
generated in the control means concerned. It controls so that the performance-index value 
concerned serves as min, and the above-mentioned performance index is characterized by being 
a square error between the study sequence signals by which generating was carried out [ above- 
mentioned ] with the above-mentioned input signal. 

[0009] Furthermore, in the control unit of the above-mentioned array antenna, the above- 
mentioned control means calculates the above-mentioned performance-index value based on an 
input signal when the above-mentioned array antenna receives preferably the radio signal 
transmitted from a phase hand's transmitter, it controls it so that the performance-index value 
concerned serves as min, and it is characterized by the above-mentioned performance index 
being a function which serves as min when the envelope of the above-mentioned input signal 
serves as constant value. 

[0010] Moreover, the control approach of the array antenna concerning this invention The 
radiating element for receiving a radio signal, and two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control approach of the array antenna to which two or more 
above-mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed Only a 
predetermined shift amount is made to precess the reactance value of each above-mentioned 
variable reactive element one by one. So that the dip vector of the predetermined performance- 
index value over each reactance value may be calculated and the performance-index value 
concerned may serve as max or min based on the calculated dip vector It is characterized by 
including the step which calculates and sets up the reactance value of each variable reactive 
element for turning the main beam of the above-mentioned array antenna in the direction of a 
request wave, and turning null in the direction of an interference wave. 
[0011] 

[Embodiment of the Invention] Hereafter, the operation gestalt which starts this invention with 
reference to a drawing is explained. 

[0012] Drawing 1 is the block diagram showing the configuration of the control device of the 
array antenna which is an operation gestalt concerning this invention. The control unit of the 
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array antenna of this operation gestalt is equipped with the array antenna equipment 100 which 
consisted of ESUPA antennas of the conventional technique which is equipped with one feed 
antenna element AO, six variable reactive elements A1 non-supplied electric power, or A6, and 
becomes, the adaptive control mold controller 40, and the study sequence signal generator 41 as 
shown in drawing 1 . 

[0013] The adaptive control mold controller 40 consists of digital computers, such as a 
computer, here. Input-signal [ before starting radiocommunication by the demodulator 42, when 
the feed antenna element AO of the above-mentioned array antenna equipment 100 receives the 
study sequence signal included in the radio signal transmitted from a phase hand's transmitter ] 
y (t), It is based on study sequence signal r (t) which is the same as that of the above- 
mentioned study sequence signal, and was generated with the study sequence signal generator 
41 . By performing adaptive control processing of drawing 8 It is characterized by calculating and 
setting up each variable reactive element A1 for turning the main beam of the above-mentioned 
array antenna equipment 100 in the direction of a request wave, and turning null in the direction 
of an interference wave thru/or the reactance value xm (m= 1, 2, — , 6) of A6. Specifically the 
adaptive control mold controller 40 Only predetermined shift-amount delta xm is made to 
precess each variable reactive element A1 thru/or the reactance value xm (m= 1, 2, — , 6) of A6 
one by one. The predetermined performance index over each reactance value (with this 
operation gestalt) Calculate the dip vector of the value of cross-correlation-function rhon 
between study sequence signal r (t) by which generating was carried out [ above-mentioned ] 
with input-signal y (t) expressed with several 23, and so that the performance-index value 
concerned may serve as max based on the calculated dip vector Each variable reactive element 
A1 for turning the main beam of the above-mentioned array antenna equipment 100 in the 
direction of a request wave, and turning null in the direction of an interference wave thru/or the 
reactance value xm (m= 1, 2, — , 6) of A6 are calculated and set up. 

[0014] In drawing 1 , the radio signal transmitted from a phase hand's transmitter is received by 
array antenna equipment 100, and the signal outputted from the feed antenna element AO is 
transmitted to the adaptive control mold controller 40 and a demodulator 42 as input-signal y (t) 
through the RF receive section 35 which processes frequency conversion to low noise 
magnification, an intermediate frequency, or a berth band etc. After carrying out adaptive control 
of the above-mentioned adaptive control mold controller 40 so that above-mentioned adaptive 
control processing may be performed, and the main beam of the control device 100 of an array 
antenna may be turned in the direction of a request wave and null may be turned in the direction 
of an interference wave, radiocommunication by the demodulator 42 is started. Here, to received 
input-signal y (t), a demodulator 42 performs processing of a recovery etc., and acquires and 
outputs a recovery signal. 

[0015] First, the configuration of the array antenna equipment 100 which consisted of ESUPA 
antennas with reference to drawing 2 thru/or drawing 5 is explained. As shown in drawing 2 , in 
array antenna equipment 100 The feed antenna element AO, It insulates from a conductor 11 
electrically, the conductor with which six variable reactive elements A1 non-supplied electric 
power thru/or A6 have a size large enough to each nothing feed variable reactive element AO 
thru/or the die length lo and Im (m= 1, 2, — , 6) of A6, respectively — the touch-down which 
becomes with a plate — And it is prepared so that the variable reactive element A1 non- 
supplied electric power thru/or A6 may be mutually arranged at intervals of the 60 same degrees 
in the location of the circular configuration of radius d=lambda / 4 (however, lambda wavelength) 
centering on the feed antenna element AO. Here, array antenna equipment 100 is a reversible 
circuit, and when using as a transmitting antenna, while electric power is supplied to a radio 
signal by only the feed antenna element AO, when using as a receiving antenna, the radio signal 
from a phase hand's transmitter is received by the feed antenna element AO as input-signal y (t). 

[0016] drawing 3 — setting — the feed antenna element AO — for example, the die length lo of 
lambda/4 of predetermined longitudinal directions — having — touch-down — it has the 
cylindrical shape-like radiating element 6 insulated electrically [ a conductor 11], and the central 
conductor 21 of the coaxial cable 20 which transmits the radio signal received by the radiating 
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element 6 is connected to the end of a radiating element 6 — having — the outer conductor 22 
— touch-down — it connects with a conductor 11. This transmits further the radio signal 
received by the radiating element 6 to the adaptive control mold controller 40 and a demodulator 
42 through the RF receive section 35 through a coaxial cable 20. 

[0017] drawing 4 — setting — each nothing feed variable reactive element A1 thru/or A6 — 
respectively — for example, the die length Im (m= 1, 2, — , 6) of lambda/4 of predetermined 
longitudinal directions — having — touch-down — it has the parasitic element 7 of the shape of 
a cylindrical shape insulated electrically [ a conductor 11], and the variable reactive element 23 
which has the reactance value xm (m= 1, 2, — , 6), and it has the same structure and is 
constituted, here — the end of a parasitic element 7 — a variable reactive element 23 — 
minding — touch-down — it is grounded in RF to a conductor 11. For example, when the die 
length of the longitudinal direction of a radiating element 6 and a parasitic element 7 assumes 
substantially that it is the same (for example, when a variable reactive element 23 has 
inductance nature (L nature)), a variable reactive element 23 serves as an extension coil, and the 
variable reactive element A1 non-supplied electric power thru/or the electric merit of A6 
become long as compared with the feed antenna element AO, and it works as a reflector. On the 
other hand, when a variable reactive element 23 has capacitance nature (C nature), a variable 
reactive element 23 serves as a loading condenser, and the variable reactive element A1 non- 
supplied electric power thru/or the electric merit of A6 become short as compared with the feed 
antenna element AO, and it works as the wave director. In actual application, Reactance xm can 
be restrained in fixed range, such as until -300ohm to 300ohm. 

[0018] Drawing 5 is the sectional view showing the detailed configuration of the array antenna 
equipment 100 of drawing 1 , and variable-capacitance-diode D is used for it as a variable 
reactive element 23 with the desirable operation gestalt of drawing 5 . 

[0019] drawing 5 — setting — for example, the top face of the dielectric substrates 10, such as 
a polycarbonate, — touch-down — a conductor 1 1 forms — having — a radiating element 6 — 
touch-down — insulating from a conductor 11 electrically, the dielectric substrate 10 is 
penetrated in the thickness direction, and it is supported, moreover, the parasitic element 7 — 
touch-down — insulating from a conductor 11 electrically, the dielectric substrate 10 is 
penetrated in the thickness direction, and it is supported, the through hole which comes to carry 
out restoration formation by the end of a parasitic element 7 penetrating variable-capacitance- 
diode D and the dielectric substrate 10 in the thickness direction here — a conductor 12 — 
minding — touch-down — while being grounded by the conductor 1 1 in RF, it connects with 
Terminal T through Resistance R. moreover, the through hole which comes to carry out 
restoration formation by Terminal T penetrating the capacitor C for a high frequency bypass, and 
the dielectric substrate 10 in the thickness direction — a conductor 13 — minding — touch- 
down — it is grounded by the conductor 1 1 in high frequency. 

[0020] Adjustable electrical-potential-difference DC power supply 30 by which armature-voltage 
control is carried out by the adaptive control mold controller 40 are connected to Terminal T, 
and the electrostatic-capacity value in variable-capacitance-diode D is changed to it by 
changing by this the reverse bias electrical potential difference impressed to variable- 
capacitance-diode D. The electric merit of the variable reactive element A1 equipped with the 
parasitic element 7 non-supplied electric power can be changed by this as compared with the 
feed antenna element AO, and the flat-surface directivity property of the array antenna 
equipment 100 concerned can be changed. Furthermore, the variable reactive element A2 
equipped with other parasitic elements 7 non-supplied electric power thru/or A6 are constituted 
similarly, and has the same operation. 

[0021] The array antenna equipment 100 constituted as mentioned above is called an ESUPA 
antenna. With this operation gestalt, the control unit and the control approach for controlling the 
flat-surface directivity property of the whole array antenna equipment 100 accommodative are 
offered by changing further the reactance value of the variable reactive element 23 connected 
to each nothing feed variable reactive element A1 thru/or A6 in the array antenna equipment 
1 00 of drawing 1 . 

[0022] The reactance value signal which is an output signal from the adaptive control mold 
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controller 40 for the array antenna equipment 100 which consisted of ESUPA antennas is simply 
formulized as a function of these six reactances. [Equation 1] which has the reactance value of 
each variable reactive element 23 as a component with this operation gestalt Since a reactance 
vector, and a call and the above-mentioned reactance vector are adjustable, the vector 
expressed with x**[x1, x2, — , x6] T is used for formation of the directivity response pattern of 
array antenna equipment 100. 

[0023] It sets in this operation gestalt and is [Equation 2] about signal vector s (t). 
Defining by s(t) =[s0 (t), s1 (t), — , s6 (t)] T, Component sm (t) is a RF signal received by the ro- 
th antenna element (m= 0, 1, — , 6) Am (namely, a feed antenna element or the reactive element 
non-supplied electric power) of array antenna equipment 100, and superscript T expresses 
transposition of a vector or a matrix, next, input-signal y (t) which is RF output signal of the 
single port of array antenna equipment 100 — ( — the following principle explanation — 
explanation — the RF signal (RF signal) in the preceding paragraph of the RF receive section 35 
is said for convenience.) — it is given by the degree type. 
[Equation 3] y(t)=iTs(t) 

It is here and is [Equation 4]. i=[i0, i1, i2, — , i6] T is a vector which has RF current which 
appears on the m-th antenna element Am as a component im. 

[0024] According to the electromagnetic-field analysis of array antenna equipment 100, RF 
current phasor i is formulized like a degree type. 

[Equation 5] i=(I+jYX)-1yO[0025] Here, I is the unit matrix of x (6+1) (6+1), and is a diagonal 
matrix [several 6]. X=diag [xO, x1 , x2, — , x6] 

It is called ** and a reactance matrix. The input impedance xO of the adaptive control mold 
controller 40 and a demodulator 42 is fixed, and it is assumed to be x0=0 with this operation 
gestalt, without losing generality. Furthermore, at several 5, a vector yO is [Equation 7]. It defines 
by y=[ 0] [yOO, y10, y20, — . y60] T, and is [Equation 8]. Y=[ykl] (6+1) x (6+i) shall be the 
admittance matrix of x (6+1) (6+1). Here, Component ykl expresses the mutual admittance 
between antenna elements Ak and aluminum (0<=k, l<=6). 

[0026] (6+1) In the case of the array antenna equipment 100 of a component, a vector yO and 
admittance-matrix Y are determined only of six components of mutual admittance. This is 
explained below. 

[0027] By the well-known reciprocity theorem, a degree type is realized like the array antenna 
equipment of an ordinary type. 

[Equation 9] ykl=ylk [0028] Furthermore, the patrol symmetric property of the antenna element 

Am of array antenna equipment 100 connotes the degree type. 

[0029] 

[Equation 10] y1 1 =y22=y33=y44=y55=y66 — [Equation 11] y01=y02=y03=y04=y05=y06 — 
[Equation 12] y12=y23=y34=y45=y56=y61 — [Equation 13] y13=y24=y35=y46=y51=y62 — 
[Equation 14] y14=y25=y36[0030] Nine above thru/or several 14 mean that several 8 admittance 
matrix is determined only by six components yOO, y10, y1 1, y21, y31, and y41 of mutual 
admittance. As for this, therefore, the value of six components is fixed depending on the physical 
structure of antennas, such as a radius of an antenna element Am, space spacing, and die length. 
Old explanation is summarized and admittance-matrix Y in several 5 is written like a degree type. 



[0031] 












[Equation 15] 
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Similarly, several 7 can 
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[Equation 16] Y=[yOO, y10 f y10, — , y10] T [0033] That signal vector s (t) in several 3 received by 
the antenna element of array antenna equipment 100 cannot measure is the point which should 
be emphasized. This differs from the usual ecad array antenna with which the signal vector 
received on an antenna element is observed. In the case of array antenna equipment 100, it is 
measurable in input-signal y (t) which is a single-port output, and is used as feedback by which 
only this controls the reactance vector x of a-one number. Though still more regrettable, as 
shown in several 5, input-signal y (t) which is a single-port output is the high order nonlinear 
function of the reactance vector x, the operation of an inverse matrix is included and this makes 
generation of an analytical expression of adaptability ability difficult. Moreover, it should be 
warned that current phasor i in several 5 is also equivalent to the weighting-factor vector of the 
usual ecad array. Each component of join [ together / unlike the weighting-factor vector of the 
usual ecad array / independently and mutually ] of current phasor i is clear from several 5. The 
above-mentioned argument connotes that most control algorithms of the usual ecad array 
antenna cannot be directly applied to the array antenna equipment 100 to which the technique 
of an ESUPA antenna was applied. Therefore, it is desirable to propose the algorithm for 
adaptive control for an ESUPA antenna especially. 

[0034] Subsequently, in order to make the array antenna equipment 1 00 of this operation gestalt 
into an ecad, the model of the signal received is proposed. Before advancing a study, the 
steering vector of array antenna equipment 100 is given. The array antenna equipment 100 of a 
component as shown in drawing 6 (6+1) is considered. 

[0035] About the m-th antenna element Am, it is an include angle [several 1 7] to the shaft of 
arbitration. 

phim=2pi (m-1) / 6 (m= 1, 2, — , 6), 

It comes out and arranges. The case of m= 2 is illustrated in drawing 6 . It comes from whenever 
[ arrival angle / of an include angle theta ] (DOA) by using the shaft of the above-mentioned 
arbitration as a reference axis, and when the wave front received on array antenna equipment 
1 00 is observed, spatial delay of d-cos (theta-phim) exists between the signals which the pair of 
the m-th reactive element Am non-supplied electric power and the 0th feed antenna element AO 
receives. This spatial delay is changed into the degree difference of electric target angle defined 
by d-cos (2 pi/lambda) (theta-phim) with wavelength lambda. Therefore, the steering vector of 
the array antenna equipment 100 in DOA of an include angle theta is defined by the degree type 
when radii are d=lambda/4. 
[0036] 

[Equation 18] 

i 

expOyCOsCtf-rft)} 



a{0) = 



exp{/-|cos(0-<* 6 )} 



[0037] The above-mentioned case of being simple can be extended when more general. DOA 
assumes that there is a total of Q+a source of a signal which transmits the arrival input signal uq 
(t) which is thetaq (q= 0, 1, — , Q). m= 0, and (1, — , 6) express the signal received by the m-th 
antenna element Am of an antenna, and they presuppose that it is s (t) the column vector which 
has sm (t) for the m-th component. [ sm (t) and ] Signal sm (t) is the superposition of the signal 
from Q+1 source of a signal. 
[0038] 

[Equation 19] 

Q 

'«(*)- 2 a m {O q )u q (t\ (m-(U-.6) 

q=0 

[0039] Here, am (m= 0, 1 , 2, — , 6) (thetaq) is the m-th component of several 1 8 which has 
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thetaq instead of theta. At this time, column vector s (t) which appears in an antenna element 

Am can be expressed like a degree type. 

[0040] 

[Equation 20] 

Q 

[0041] It is here and is [Equation 21]. a(thetaq) **[a0 (thetaq), a1 (thetaq), a2 (thetaq), — f a6 
(thetaq)] T is the steering vector defined in several 18 which has thetaq instead of theta. From 
several 3, input-signal y (t) which is the output signal of array antenna equipment 1 00 can be 
written like a degree type. 
[0042] 

[Equation 22] 

[0043] current phasor i — and — therefore, input-signal y (t) is the function of the reactance 
vector x of several 1 . 

[0044] Next, the adaptive control processing of array antenna equipment 1 00 based on 
inclination is explained. It is assumed that study sequence signal r (t) currently used by this 
adaptive control processing is known by the both sides of the transmitter and receiver of a 
phase hand. A little convention of a notation is changed and henceforth writes the equivalence 
low pass signal of RF output of array antenna equipment 100 by input-signal y (t) with this 
operation gestalt. 

[0045] The performance index generally used with the conventional maximum grade algorithm is 
a 2nd [ an average of ] power error. It is common knowledge that a cross correlation function 
expresses approximation nature to this error expressing the difference of two signals. Instead of 
an error, the cross correlation function is adopted by our adaptive control processing the 2nd 
[ an average of ] power. Our object in here is to discover the reactance vector x of several 1 to 
which the cross correlation function between input-signal y (t) which is the output of an 
antenna, and study sequence signal r (t) becomes as large as possible. 

[0046] y (n) and r (n) are assumed to be the P-dimensional vectors which are the discrete time 
amount sample of input-signal y (t) and study sequence signal r (t) respectively. The cross 
correlation function between input-signal y (n) in time of day n and study sequence signal r (n) is 
defined like a degree type. 
[0047] 

[Equation 23] 



H 



Pn 



[0048] Here, superscript H expresses the transposition which takes a complex conjugate. 

Thereby, a gradient vector is defined like a degree type. 

[0049] 

[Equation 24] 



- d Pn . 
dx 



dpn 
dPn 



[0050] Here, **rhon/**x express the derivative about the reactance vector x. 

[0051] The following procedures are used in order to discover the good reactance vector x 
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which enlarges a cross correlation function as much as possible by the maximum grade method. 

(i) First, time of day n (namely, n-th iteration) is set as 1 , and it starts with the initial value x of 
the reactance vector chosen as arbitration (1). Typically, when an early directivity response 
pattern is omnidirectional, the initial value x of a reactance vector (1) is set up equally to the 
zero vector. 

(ii) Subsequently gradient vector **rhon in time of day n (namely, n-th iteration) is calculated by 
using this initial value or current estimate. 

(iii) The following estimate in a reactance vector is calculated by changing initial value or current 
estimate in the same direction as the direction of a gradient vector. 

(iv) It returns to a step (ii) and processing is repeated. 

[0052] The following steps are performed with reference to drawing 8 showing flow drawing of 
the adaptive control processing proposed in detail. Before the demodulator 42 of drawing 1 
starts radiocommunication, this adaptive control processing is performed when having received 
the radio signal including the study sequence signal from a phase hand's transmitter. 
[0053] In drawing 8 , first, in step SI, it is set as n= 1 and the reactance vector x (n) of several 1 
in time of day n (n-th iteration) is set as the initial value x of the reactance vector chosen as 
arbitration (1). Subsequently, in step S2, before starting the inner loop formation of drawin g 8 , it 
considers as a parameter m= 0 and input-signal y (t) is measured in step S3. And in step S4, 
cross-correlation-function rhon is calculated using several 23, and the above-mentioned cross- 
correlation-function rhon is substituted for criteria multiplier (multiplier of non-perturbation) rho 
[ before perturbation ] n (0). Furthermore, only 1 increments Parameter m and only delta xm is 
made to precess the m-th component xm of a reactance vector in step S6 in step S5. And in 
step S7, input-signal y (t) is measured and cross-correlation-function rhon is calculated in step 
S8 using several 23. Subsequently, in step S9, derivative **rhon/**xi which shows the inclination 
about the reactance vector x of a cross correlation function is calculated by rhon-rhon (0). 
Furthermore, in step S10, the m-th component xm of a reactance vector made to precess at 
step S6 is returned, and the step S1 1 — setting — Parameter m — several [ the variable 
reactive element A1 non-supplied electric power thru/or / of A6 ] — while judging whether it is 
smaller than M= 6 and returning to step S5 by the inner loop formation at the time of m<M, it 
progresses to step S12 at the time of m>=M. 

[0054] In step S12, the updating value x (n+1) of the reactance vector x in time of day n+1 is 
calculated as follows using recursive relation according to an above-mentioned maximum grade 
method. 

[Equation 25] x(n+1) = x (n) +mu**rhon [0055] Here, mu is a forward constant which controls a 
convergence rate, for example, is set as mu= 150. Subsequently, in step S13, only 1 increments 
n, and in step S14, while n judges whether the number of occurrence N determined beforehand is 
reached and returns to step S2 by the outside loop formation at the time of n<=N, the adaptive 
control processing concerned is ended at the time of n>N. Adaptive control can be carried out 
so that it can be made to converge so that a performance-index value may be made into max, 
the main beam of the control device 100 of an array antenna may be turned to a request wave 
even if whenever [ arrival angle / of a request wave ] is strange, and null may be turned to an 
interference wave by the above adaptive control processing. 

[0056] It is intuitively appropriate to become the reactance vector x good after all in the 
semantics that the continuous amendment of the reactance vector x performed to the positive 
direction of a gradient vector has a large cross correlation function. 

[0057] There are some difficult cases where it is, on the occasion of count of gradient vector 
**rhon of several 24. As mentioned above, this originates in the data that expressing a gradient 
vector analytically as a function of the reactance vector x cannot observe the signal vector 
received in the feed antenna element AO of (b) array antenna equipment 100 which is not easy 
(several 3 and several 5 reference) and the parasitic antenna component A1 thru/or each of A6 
by the existence of the operation of an inverse matrix with difficult handling in the expression of 
(a) input-signal y (t). 

[0058] In this operation gestalt, the estimate of gradient vector **rhon of several 24 is drawn by 
the activity of the approximate value by the difference of the finite of a partial derivative. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/09/14 



JP,2002-118414,A [DETAILED DESCRIPTION] 



9/12^— v 



Especially, partial-derivative **rhon/**xi of the first floor about Reactance xi is approximated to 
the variation of cross-correlation-function rhon by taking an increment to xm+delta xm in 
Reactance xm. 
[0059] 

[Equation 26] 

dx m 

[0060] The reactance vector x (n+1) is computed by substituting assessment of this gradient 
vector for several 26. These steps are repeated from n= 1 to n=N, and the good reactance 
vector x (N+1) is acquired in the semantics that cross-correlation-function rhoN is large, about 
sufficiently large N. 

[0061] As shown in several 26, from the output of an antenna, only only one component of 
gradient vector **rhon is computed at once. All the components of the reactance vector x are 
serially precessed on a target, and one gradient vector is obtained repeatedly [ each / of several 
25 ]. Drawing 7 shows the framework structure of used study sequence signal r (t). N) is 1, 2, — , 
a pseudo-random signal that consists of 1 and -1, respectively, data block r (i) — ( — i= — each 
of data block r (1), r (2), — , r (N) In the loop formation from step S5 of drawin g 8 to step S1 1, in 
order to calculate M+1 component (it sets in this operation gestalt and is M= 6) of the gradient 
vector of a correlation coefficient, are repeated by a unit of M+1 time. That is, M+1 transmission 
of data block r (i) is once needed for a repeat. Here, data block [ M+1 time of ] r (i) is used in 
order to measure input-signal y (t) and input-signal [ at the time of M perturbation ] y (t) at the 
time of one un-precessing. In this case, if number [ of each data block ] of symbols r (i) is set to 
P, since it will repeat calculating the estimate of a reactance from the above-mentioned gradient 
vector N times, study sequence signal r (t) consists of a symbol of a Px(M+1) xN individual. 
[0062] As explained above, according to the operation gestalt concerning this invention, the 
adaptive control mold controller 40 Input-signal [ before starting radiocommunication by the 
demodulator 42, when the feed antenna element AO of the above-mentioned array antenna 
equipment 100 receives the study sequence signal included in the radio signal transmitted from a 
phase hand's transmitter ] y (t), It is based on study sequence signal r (t) which is the same as 
that of the above-mentioned study sequence signal, and was generated with the study sequence 
signal generator 41. Each variable reactive element A1 for turning the main beam of the above- 
mentioned array antenna equipment 100 in the direction of a request wave, and turning null in 
the direction of an interference wave thru/or the reactance value xm (m= 1, 2, — , 6) of A6 are 
calculated and set up by performing adaptive control processing of drawin g 8 . Therefore, as 
compared with the conventional example which used Hamiltonian **, even if whenever [ arrival 
angle / of a request wave ] is strange, adaptive control of the control unit or the control 
approach of an array antenna concerning this operation gestalt can be carried out so that the 
main beam may be turned to a request wave and null may be turned to an interference wave. 
[0063] In the operation gestalt beyond a <modification>, although six variable reactive elements 
A1 non-supplied electric power thru/or A6 are used, if there are the two or more [ at least ] 
numbers, they can control the directional characteristics of the array antenna equipment 
concerned electronically. Instead of it, you may have many variable reactive elements non- 
supplied electric power rather than six pieces. Moreover, the variable reactive element A1 non- 
supplied electric power thru/or the arrangement configuration of A6 were not limited to the 
above-mentioned operation gestalt, either, but only a predetermined distance has separated it 
from the feed antenna element AO. That is, each nothing feed variable reactive element A1 
thru/or the spacing d to A6 may not be fixed. 

[0064] Furthermore, a variable reactive element 23 is not limited to variable-capacitance-diode 
D, but should just be a controllable component about a reactance value. Since variable- 
capacitance-diode D is generally a capacitive circuit element, a reactance value always turns 
into a negative value. In addition, in the numerical example of a table 1, zero and a forward value 
are used as an impedance Z. By being very good in the value of the range to a negative value 
from forward, and for that inserting the inductor of immobilization for example, in variable- 
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capacitance-diode D at a serial, or lengthening the die length of a parasitic element 7 more, it 
can go over the reactance value of the above-mentioned variable reactive element 23 by the 
negative value from forward, and it can change a reactance value. 

[0065] In this above operation gestalt, although cross-correlation-function rhon was used as a 
performance index of a maximum grade method, this invention may use not only this but other 
functions. As the example, square error criteria and constant envelope criteria are explained. The 
performance index of square error criteria is expressed with a degree type. 
[0066] 

[Equation 27] J=E[|r'(t)-y'(t)|2] 

[0067] Here, H expresses the absolute value of complex and E [-] expresses an ensemble 
average. Moreover, input-signal y (t) and study sequence signal r (t) are normalized like the 
degree type. 
[0068] 

[Equation 28] y'(t) =y(t) y[ /|] (t) | — [Equation 29] r'(t) =r(t)/|r (t) | [0069] When using the 
performance index of square error criteria, adaptive control of the adaptive control mold 
controller 40 is carried out so that the performance-index value J may serve as min. 
[0070] Moreover, the performance index of the constant envelope criteria of having used the 
CMA algorithm is expressed with a degree type. 
[0071] 

[Equation 30] J=E[||y'(t)|2-1 12] 

[0072] Input-signal y (t) is normalized by the same y' (t) as several 28 also here. Although study 
sequence signal r (t) is unnecessary at this time, it can be used only by system by which the 
envelope of an input signal serves as constant value. It is a system which specifically adopts 
modulation techniques, such as FM, BPSK, and QPSK. The adaptive control mold controller 40 
calculates the above-mentioned performance-index value based on input-signal [ when array 
antenna equipment 40 receives the radio signal transmitted from a phase hand's transmitter ] y 
(t), when the performance index of constant envelope criteria is used, it controls it so that the 
performance-index value concerned serves as min, and the above-mentioned performance index 
is a function used as min, when the envelope of the above-mentioned input signal serves as 
constant value. 

[0073] each data block r (i) which constitutes study sequence signal r (t) in the above operation 
gestalt — ( — i= — 1, 2, — , N) — several symbols — although it was the pseudo-random signal 
which is P= 10, you may be the signal of other numbers of symbols. Moreover, adaptive control 
processing using a study sequence may be performed to the communicative beginning, or you 
may carry out for every time period of a certain. 
[0074] 

[Example] Furthermore, the simulation using the control unit of the array antenna of this 
operation gestalt and its result are explained. 

[0075] It is possible to make it difficult to describe analytically [ the engine performance ] 
existence (several 3 and several 5 reference) of the inverse matrix in the output expression from 
array antenna equipment 100. Simulation was carried out in order to verify the algorithm and 
antenna engine performance which were proposed. In our simulation, the array antenna 
equipment 100 which consisted of ESUPA antennas of a component (6+1) is used. The feed 
antenna element AO and the reactive element A1 non-supplied electric power thru/or A6 are 
lambda/4 merit's monopole components, respectively, us — all the arrival signals uq (t) — ( — q= 
— the power of 0, 1, — , Q) was chosen so that it might be set to 1. The noise assumed that it 
was what is not. The number of symbols of the data block for each count of the cross 
correlation function defined as several 23 was set as P= 10 through all simulation. 
[0076] First, the case where two signals exist from a different direction is considered. An input 
signal pair interference wave power ratio (a signal pair interference wave power ratio is hereafter 
called SIR.) is OdB by the assumption whose arrival signal is the power of 1. As after iteration of 
N= 800 is shown in drawing 9 , a beam is turned to 0 degree of the signal for which it asks, and 
deeper null is formed towards the interference wave signal in 135 degrees. The output SIR of 
28.26dB is acquired at this time. Drawing 10 is a graph which shows the convergence property of 
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cross-correlation-function rhon to the number of occurrence n when obtaining the directivity 
response pattern of drawing 9 . The number of symbols used for study of an arrival signal is 
[Equation 31]. It is P(M+1) N=10x(6+1) x800=56000 piece. 

[0077] Next, the case where five arrival signals exist is considered. DOA of these arrival signals 
is [0 degree, 40 degrees, 55 degrees, 220 degrees, 305 degrees], considers as the request wave 
signal which had asked for one, and has the -6.02dB input SIR by making other four into an 
interference wave signal. A directivity response pattern is shown in drawing 1 1 thru/or drawing 
15 . A drawing corresponds to the situation that the request wave signal has come from 0 
degree, 40 degrees, 55 degrees, 220 degrees, and 305 degrees, respectively, and outputs SIR are 
9.09dB - 1.41dB, 2.67dB, 20.03dB, and 10.28dB, respectively. Drawing 1 2 and drawing 1 3 show 
two directivity response patterns about the case of crowded DOA with slight separation of the 
include angle between 40 degrees and 55 degrees. Both signals serve as main beams and the 
output SIR of a lower value reduces the engine performance. Here, from drawing 1 2 and drawin g 
13 , also in the case of slight in this way include-angle separation, the technique of an ESUPA 
antenna is applied, and if the array antenna equipment 100 controlled accommodative is used, 
cross protection will be decreased, about 4.60dB reaches respectively SIR gain (namely, SIR 
difference of an output and an input), and it can improve by 8.69dB. These patterns of drawing 
11 thru/or drawing 1 5 are acquired after iteration of N= 1000. The number of symbols in a study 
sequence is the sum total (7x104). Drawing 1 6 is a graph which shows the convergence property 
of cross-correlation-function rhon to the number of occurrence n when obtaining the directivity 
response pattern of drawing 1 1 . 

[0078] Next, number of occurrence is reduced and adaptive control processing of the arrival 
signal from five sources of a signal in which it has same DOA and same Input SIR as simulation 
of the graph shown in drawing 1 1 is reproduced (N= 1 00). As drawing 1 7 shows, a beam is formed 
toward the include angle of 0 degree for which it asks, and the interference wave signal from 
other DOA (namely, 40 degrees, 55 degrees, 220 degrees, and 305 degrees) is oppressed. Thus, 
even if it is small number of occurrence, the output SIR of 6.58dB is established still more. 
Drawing 18 is a graph which shows the convergence property of cross-correlation-function rhon 
to the number of occurrence n when obtaining the directivity response pattern of drawing 17 . 
[0079] Finally, the technique of an ESUPA antenna is applied and the statistical engine 
performance of the output SIR of the array antenna equipment 100 controlled accommodative is 
considered. Drawing 1 9 (at the time of N= 40) and drawing 20 (at the time of N= 1000) show the 
probability Pr (Z>=z) for the output SIR expressed with Z to exceed the real number z to which 
the abscissa was given. On the occasion of the count in connection with these drawings, the 
signal for which it asked should come from the include angle of 0 degree, and DOA of an 
interference wave signal has set it up so that uniformly at random in 0 degree thru/or 359 
degrees. All of 1000-set DOA are used in these statistics. As for the curve, the case of the Q= 
1 number of interference wave signals, 2, and 3 and 4 is drawn. As an example about how these 
curves are interpreted, drawing 20 connotes that this ecad antenna can supply the output SIR (if 
it puts in another way 26.02dB SIR gain) of at least 20dB by 80% of probability in the case of Q= 
4. When drawing 1 9 is compared with drawin g 20 , it turns out that more number of occurrence 
increases the output SIR of the array antenna equipment 100 of this operation gestalt. 
[0080] The good solution method has been acquired in the semantics that our adaptive control 
algorithm explained above has a large cross correlation function between an antenna output and 
a study sequence signal. As the simulation of an example showed, in the case of the array 
antenna equipment 100 to which the technique of an ESUPA antenna was applied, the 
improvement of SIR by the proposed adaptive control algorithm can be received in some 
practical situations. That is, it is shown that seven array antenna equipments 100 can supply 
about 26dB SIR gain by 80% of probability at least. Development of the algorithm of the adaptive 
control processing concerning this invention can be adapted for the terminal of a wireless mobile 
etc., and makes the technique of the low ESUPA antenna of complexity the applicable thing. 
[0081] 

[Effect of the Invention] According to the control unit of the array antenna applied to this 
invention as explained in full detail above Only a predetermined shift amount is made to precess 
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the reactance value of each variable reactive element one by one in the control unit of the 
ESUPA antenna of the conventional technique. So that the dip vector of the predetermined 
performance-index value over each reactance value may be calculated and the performance- 
index value concerned may serve as max or min based on the calculated dip vector The 
reactance value of each variable reactive element for turning the main beam of the above- 
mentioned array antenna in the direction of a request wave, and turning null in the direction of 
an interference wave is calculated and set up. Therefore, as compared with the conventional 
example using Hamiltonian **, even if whenever [ arrival angle / of a request wave ] is strange, 
adaptive control can be carried out so that the main beam may be turned to a request wave and 
null may be turned to an interference wave. Especially, in the conventional example using 
Hamiltonian **, although null cannot be turned to an interference wave, in this invention, it has 
the characteristic effectiveness that null can be turned to an interference wave. 
[0082] Wearing is easy to a notebook computer or electronic equipment like PDA as an antenna 
for mobile telecom terminals, and when the main beam is scanned in every direction of the level 
surface, all the variable reactive elements non-supplied electric power function effectively as the 
wave director or a reflector, and control of the directional characteristics over an incoming wave 
and two or more interference waves is also very suitable for the control unit of the array 
antenna concerned. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_eije 



2007/09/14 



JP,2002-118414,A [TECHNICAL FIELD] 



1/1 <<—*> 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the control unit and the control approach of the 
array antenna to which electronics control wave director array antenna equipment (it is called 
ESUPA antenna below Electronically Steerabie Passive Array Radiator (ESPAR) Antenna;.) 
directional characteristics can be changed especially accommodative about the control unit and 
the control approach of the array antenna to which the directional characteristics of the array 
antenna equipment which consists of two or more antenna elements can be changed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The ESUPA antenna of the conventional technique for example 
"The conventional technical reference 1 T.Ohira et al. and "Electronically steerable passive 
array radiator antennas for low-cost analog adaptive beamforming and "2000 IEEE International 
Conference It is proposed in on PhasedArray System & Technology pp.1 01 -104, Dana point, 
California, May 21-25, and the patent application of 2000" and Japanese Patent Application No. 
No. 194487 [ 11 to ]. This ESUPA antenna can change the directional characteristics of the 
above-mentioned array antenna by having the array antenna which consists of the radiating 
element by which electric power is supplied to a radio signal, at least one parasitic element by 
which only predetermined spacing is left and prepared from this radiating element, and electric 
power is not supplied to a radio signal, and the variable reactive element connected to this 
parasitic element, and changing the reactance value of the above-mentioned variable reactive 
element. 

[0003] As an approach for controlling the above-mentioned ESUPA antenna, in order to optimize 
the reactance value of each variable reactive element in the patent application of an application 
for patent No. 198560 [ 2000 to ], a reactance value which makes antenna gain of the specified 
azimuth max is calculated by having used Hamiltonian **. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to the control unit of the array antenna applied to this 
invention as explained in full detail above Only a predetermined shift amount is made to precess 
the reactance value of each variable reactive element one by one in the control unit of the 
ESUPA antenna of the conventional technique. So that the dip vector of the predetermined 
performance-index value over each reactance value may be calculated and the performance- 
index value concerned may serve as max or min based on the calculated dip vector The 
reactance value of each variable reactive element for turning the main beam of the above- 
mentioned array antenna in the direction of a request wave, and turning null in the direction of 
an interference wave is calculated and set up. Therefore, as compared with the conventional 
example using Hamiltonian **, even if whenever [ arrival angle / of a request wave ] is strange, 
adaptive control can be carried out so that the main beam may be turned to a request wave and 
null may be turned to an interference wave. Especially, in the conventional example using 
Hamiltonian **, although null cannot be turned to an interference wave, in this invention, it has 
the characteristic effectiveness that null can be turned to an interference wave. 
[0082] Wearing is easy to a notebook computer or electronic equipment like PDA as an antenna 
for mobile telecom terminals, and when the main beam is scanned in every direction of the level 
surface, all the variable reactive elements non-supplied electric power function effectively as the 
wave director or a reflector, and control of the directional characteristics over an incoming wave 
and two or more interference waves is also very suitable for the control unit of the array 
antenna concerned. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in this conventional example, whenever 
[ arrival angle / of an input signal ] needed to be given beforehand, and there was a trouble that 
it was not practical and null could not be turned to an interference wave. 

[0005] It is in the object of this invention offering the control unit and the control approach of an 
array antenna which can carry out adaptive control so that the above trouble is solved, it is not 
necessary in control of an ESUPA antenna to give whenever [ arrival angle / of an input signal ] 
beforehand, and the main beam may be turned to a request wave and null may be turned to an 
interference wave. 
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MEANS 



[Means for Solving the Problem] A radiating element for the control unit of the array antenna 
concerning this invention to receive a radio signal, Two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control unit of the array antenna to which two or more above- 
mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed Only a 
predetermined shift amount is made to precess the reactance value of each above-mentioned 
variable reactive element one by one. So that the dip vector of the predetermined performance- 
index value over each reactance value may be calculated and the performance-index value 
concerned may serve as max or min based on the calculated dip vector It is characterized by 
having the control means which calculates and sets up the reactance value of each variable 
reactive element for turning the main beam of the above-mentioned array antenna in the 
direction of a request wave, and turning null in the direction of an interference wave. 
[0007] In the control unit of the above-mentioned array antenna moreover, the above-mentioned 
control means An input signal when the above-mentioned array antenna receives the study 
sequence signal preferably included in the radio signal transmitted from a phase hand's 
transmitter, It is the same as that of the above-mentioned study sequence signal, and the 
above-mentioned performance-index value is calculated based on the study sequence signal 
generated in the control means concerned. It controls so that the performance-index value 
concerned serves as max, arid the above-mentioned performance index is characterized by being 
a cross correlation function between the study sequence signals by which generating was carried 
out [ above-mentioned ] with the above-mentioned input signal. 

[0008] In the control unit of the above-mentioned array antenna furthermore, the above- 
mentioned control means An input signal when the above-mentioned array antenna receives the 
study sequence signal preferably included in the radio signal transmitted from a phase hand's 
transmitter, It is the same as that of the above-mentioned study sequence signal, and the 
above-mentioned performance-index value is calculated based on the study sequence signal 
generated in the control means concerned. It controls so that the performance-index value 
concerned serves as min, and the above-mentioned performance index is characterized by being 
a square error between the study sequence signals by which generating was carried out [ above- 
mentioned ] with the above-mentioned input signal. 

[0009] Furthermore, in the control unit of the above-mentioned array antenna, the above- 
mentioned control means calculates the above-mentioned performance-index value based on an 
input signal when the above-mentioned array antenna receives preferably the radio signal 
transmitted from a phase hand's transmitter, it controls it so that the performance-index value 
concerned serves as min, and it is characterized by the above-mentioned performance index 
being a function which serves as min when the envelope of the above-mentioned input signal 
serves as constant value. 

[0010] Moreover, the control approach of the array antenna concerning this invention The 
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radiating element for receiving a radio signal, and two or more parasitic elements in which only 
predetermined spacing was left and prepared from the above-mentioned radiating element, By 
having two or more variable reactive elements connected to two or more above-mentioned 
parasitic elements, respectively, and changing the reactance value of each above-mentioned 
variable reactive element In the control approach of the array antenna to which two or more 
above-mentioned variable reactive elements are operated as the wave director or a reflector, 
respectively, and the directional characteristics of an array antenna are changed Only a 
predetermined shift amount is made to precess the reactance value of each above-mentioned 
variable reactive element one by one. So that the dip vector of the predetermined performance- 
index value over each reactance value may be calculated and the performance-index value 
concerned may serve as max or min based on the calculated dip vector It is characterized by 
including the step which calculates and sets up the reactance value of each variable reactive 
element for turning the main beam of the above-mentioned array antenna in the direction of a 
request wave, and turning null in the direction of an interference wave. 
[0011] 

[Embodiment of the Invention] Hereafter, the operation gestalt which starts this invention with 
reference to a drawing is explained. 

[0012] Drawing 1 is the block diagram showing the configuration of the control device of the 
array antenna which is an operation gestalt concerning this invention. The control unit of the 
array antenna of this operation gestalt is equipped with the array antenna equipment 100 which 
consisted of ESUPA antennas of the conventional technique which is equipped with one feed 
antenna element AO, six variable reactive elements A1 non-supplied electric power, or A6, and 
becomes, the adaptive control mold controller 40, and the study sequence signal generator 41 as 
shown in drawing 1 . 

[0013] The adaptive control mold controller 40 consists of digital computers, such as a 
computer, here. Input-signal [ before starting radiocommunication by the demodulator 42, when 
the feed antenna element AO of the above-mentioned array antenna equipment 100 receives the 
study sequence signal included in the radio signal transmitted from a phase hand's transmitter ] 
y (t), It is based on study sequence signal r (t) which is the same as that of the above- 
mentioned study sequence signal, and was generated with the study sequence signal generator 
41. By performing adaptive control processing of drawing 8 It is characterized by calculating and 
setting up each variable reactive element A1 for turning the main beam of the above-mentioned 
array antenna equipment 100 in the direction of a request wave, and turning null in the direction 
of an interference wave thru/or the reactance value xm (m= 1, 2, — , 6) of A6. Specifically the 
adaptive control mold controller 40 Only predetermined shift-amount delta xm is made to 
precess each variable reactive element A1 thru/or the reactance value xm (m= 1 , 2, — , 6) of A6 
one by one. The predetermined performance index over each reactance value (with this 
operation gestalt) Calculate the dip vector of the value of cross-correlation-function rhon 
between study sequence signal r (t) by which generating was carried out [ above-mentioned ] 
with input-signal y (t) expressed with several 23, and so that the performance-index value 
concerned may serve as max based on the calculated dip vector Each variable reactive element 
A1 for turning the main beam of the above-mentioned array antenna equipment 100 in the 
direction of a request wave, and turning null in the direction of an interference wave thru/or the 
reactance value xm (m= 1 , 2, — , 6) of A6 are calculated and set up. 

[0014] In drawing 1 , the radio signal transmitted from a phase hand's transmitter is received by 
array antenna equipment 100, and the signal outputted from the feed antenna element AO is 
transmitted to the adaptive control mold controller 40 and a demodulator 42 as input-signal y (t) 
through the RF receive section 35 which processes frequency conversion to low noise 
magnification, an intermediate frequency, or a berth band etc. After carrying out adaptive control 
of the above-mentioned adaptive control mold controller 40 so that above-mentioned adaptive 
control processing may be performed, and the main beam of the control device 100 of an array 
antenna may be turned in the direction of a request wave and null may be turned in the direction 
of an interference wave, radiocommunication by the demodulator 42 is started. Here, to received 
input-signal y (t), a demodulator 42 performs processing of a recovery etc., and acquires and 
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outputs a recovery signal. 

[0015] First, the configuration of the array antenna equipment 100 which consisted of ESUPA 
antennas with reference to drawing 2 thru/or drawing 5 is explained. As shown in drawing 2 , in 
array antenna equipment 100 The feed antenna element AO, It insulates from a conductor 1 1 
electrically, the conductor with which six variable reactive elements A1 non-supplied electric 
power thru/or A6 have a size large enough to each nothing feed variable reactive element AO 
thru/or the die length lo and Im (m= 1, 2, — . 6) of A6 f respectively — the touch-down which 
becomes with a plate — And it is prepared so that the variable reactive element A1 non- 
supplied electric power thru/or A6 may be mutually arranged at intervals of the 60 same degrees 
in the location of the circular configuration of radius d=Iambda / 4 (however, lambda wavelength) 
centering on the feed antenna element AO. Here, array antenna equipment 100 is a reversible 
circuit, and when using as a transmitting antenna, while electric power is supplied to a radio 
signal by only the feed antenna element AO, when using as a receiving antenna, the radio signal 
from a phase hand's transmitter is received by the feed antenna element AO as input-signal y (t). 

[0016] drawing 3 — setting — the feed antenna element AO — for example, the die length lo of 
lambda/4 of predetermined longitudinal directions — having — touch-down — it has the 
cylindrical shape-like radiating element 6 insulated electrically [ a conductor 11 ], and the central 
conductor 21 of the coaxial cable 20 which transmits the radio signal received by the radiating 
element 6 is connected to the end of a radiating element 6 — having — the outer conductor 22 
— touch-down — it connects with a conductor 11. This transmits further the radio signal 
received by the radiating element 6 to the adaptive control mold controller 40 and a demodulator 
42 through the RF receive section 35 through a coaxial cable 20. 

[0017] drawing 4 — setting — each nothing feed variable reactive element A1 thru/or A6 — 
respectively — for example, the die length Im (m= 1, 2, — , 6) of lambda/4 of predetermined 
longitudinal directions — having — touch-down — it has the parasitic element 7 of the shape of 
a cylindrical shape insulated electrically [ a conductor 1 1 ], and the variable reactive element 23 
which has the reactance value xm (m= 1, 2, — , 6), and it has the same structure and is 
constituted, here — the end of a parasitic element 7 — a variable reactive element 23 — 
minding — touch-down — it is grounded in RF to a conductor 11. For example, when the die 
length of the longitudinal direction of a radiating element 6 and a parasitic element 7 assumes 
substantially that it is the same (for example, when a variable reactive element 23 has 
inductance nature (L nature)), a variable reactive element 23 serves as an extension coil, and the 
variable reactive element A1 non-supplied electric power thru/or the electric merit of A6 
become long as compared with the feed antenna element AO, and it works as a reflector. On the 
other hand, when a variable reactive element 23 has capacitance nature (C nature), a variable 
reactive element 23 serves as a loading condenser, and the variable reactive element A1 non- 
supplied electric power thru/or the electric merit of A6 become short as compared with the feed 
antenna element AO, and it works as the wave director. In actual application, Reactance xm can 
be restrained in fixed range, such as until -300ohm to 300ohm. 

[0018] Drawing 5 is the sectional view showing the detailed configuration of the array antenna 
equipment 100 of drawin g 1 , and variable-capacitance-diode D is used for it as a variable 
reactive element 23 with the desirable operation gestalt of drawing 5 . 

[0019] drawing 5 — setting — for example, the top face of the dielectric substrates 10, such as 
a polycarbonate, — touch-down — a conductor 1 1 forms — having — a radiating element 6 — 
touch-down — insulating from a conductor 11 electrically, the dielectric substrate 10 is 
penetrated in the thickness direction, and it is supported, moreover, the parasitic element 7 — 
touch-down — insulating from a conductor 11 electrically, the dielectric substrate 10 is 
penetrated in the thickness direction, and it is supported, the through hole which comes to carry 
out restoration formation by the end of a parasitic element 7 penetrating variable-capacitance- 
diode D and the dielectric substrate 10 in the thickness direction here — a conductor 12 — 
minding — touch-down — while being grounded by the conductor 1 1 in RF, it connects with 
Terminal T through Resistance R. moreover, the through hole which comes to carry out 
restoration formation by Terminal T penetrating the capacitor C for a high frequency bypass, and 
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the dielectric substrate 10 in the thickness direction — a conductor 13 — minding — touch- 
down — it is grounded by the conductor 1 1 in high frequency. 

[0020] Adjustable electrical-potential-difference DC power supply 30 by which armature-voltage 
control is carried out by the adaptive control mold controller 40 are connected to Terminal T, 
and the electrostatic-capacity value in variable-capacitance-diode D is changed to it by 
changing by this the reverse bias electrical potential difference impressed to variable- 
capacitance-diode D. The electric merit of the variable reactive element A1 equipped with the 
parasitic element 7 non-supplied electric power can be changed by this as compared with the 
feed antenna element AO, and the flat-surface directivity property of the array antenna 
equipment 100 concerned can be changed. Furthermore, the variable reactive element A2 
equipped with other parasitic elements 7 non-supplied electric power thru/or A6 are constituted 
similarly, and has the same operation. 

[0021] The array antenna equipment 100 constituted as mentioned above is called an ESUPA 
antenna. With this operation gestalt, the control unit and the control approach for controlling the 
flat-surface directivity property of the whole array antenna equipment 100 accommodative are 
offered by changing further the reactance value of the variable reactive element 23 connected 
to each nothing feed variable reactive element A1 thru/or A6 in the array antenna equipment 
1 00 of drawing 1 . 

[0022] The reactance value signal which is an output signal from the adaptive control mold 
controller 40 for the array antenna equipment 100 which consisted of ESUPA antennas is simply 
formulized as a function of these six reactances. [Equation 1] which has the reactance value of 
each variable reactive element 23 as a component with this operation gestalt Since a reactance 
vector, and a call and the above-mentioned reactance vector are adjustable, the vector 
expressed with x**[x1, x2, — , x6] T is used for formation of the directivity response pattern of 
array antenna equipment 100. 

[0023] It sets in this operation gestalt and is [Equation 2] about signal vector s (t). 
Defining by s(t) =[s0 (t), s1 (t), — , s6 (t)] T, Component sm (t) is a RF signal received by the ru- 
th antenna element (m= 0, 1, — , 6) Am (namely, a feed antenna element or the reactive element 
non-supplied electric power) of array antenna equipment 100, and superscript T expresses 
transposition of a vector or a matrix, next, input-signal y (t) which is RF output signal of the 
single port of array antenna equipment 100 — ( — the following principle explanation — 
explanation — the RF signal (RF signal) in the preceding paragraph of the RF receive section 35 
is said for convenience.) — it is given by the degree type. 
[Equation 3] y(t)=iTs(t) 

It is here and is [Equation 4]. i=[i0, i1, i2, — , i6] T is a vector which has RF current which 
appears on the m-th antenna element Am as a component im. 

[0024] According to the electromagnetic-field analysis of array antenna equipment 100, RF 
current phasor i is formulized like a degree type. 

[Equation 5] i=(I+jYX)-1y0[0025] Here, I is the unit matrix of x (6+1) (6+1), and is a diagonal 
matrix [several 6]. X=diag [xO, x1, x2, — , x6] 

It is called ** and a reactance matrix. The input impedance xO of the adaptive control mold 
controller 40 and a demodulator 42 is fixed, and it is assumed to be x0=0 with this operation 
gestalt, without losing generality. Furthermore, at several 5, a vector yO is [Equation 7]. It defines 
by y=[ 0] [yOO, y10, y20, — , y60] T, and is [Equation 8]. Y=[ykl] (6+1) x (6+1) shall be the 
admittance matrix of x (6+1) (6+1). Here, Component ykl expresses the mutual admittance 
between antenna elements Ak and aluminum (0<=k, l<=6). 

[0026] (6+1) In the case of the array antenna equipment 100 of a component, a vector yO and 
admittance-matrix Y are determined only of six components of mutual admittance. This is 
explained below. 

[0027] By the well-known reciprocity theorem, a degree type is realized like the array antenna 
equipment of an ordinary type. 

[Equation 9] ykl=ylk [0028] Furthermore, the patrol symmetric property of the antenna element 

Am of array antenna equipment 100 connotes the degree type. 

[0029] 
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[Equation 10] y1 1=y22=y33=y44=y55=y66 — [Equation 11] y 01=y02=y03=y04=y05=y06 — 
[Equation 12] y 12=y23=y34=y45=y56=y61 — [Equation 13] y 13=y24=y35=y46=y51=y62 — 
[Equation 14] y14=y25=y36[0030] Nine above thru/or several 14 mean that several 8 admittance 
matrix is determined only by six components yOO, y10 f y1 1, y21, y31, and y41 of mutual 
admittance. As for this, therefore, the value of six components is fixed depending on the physical 
structure of antennas, such as a radius of an antenna element Am, space spacing, and die length- 
Old explanation is summarized and admittance-matrix Y in several 5 is written like a degree type. 

[0031] 

[Equation 15] 
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[0032] Similarly, several 7 can be rewritten as follows. 

[Equation 16] Y=[y00, y10, y10, — , y10] T [0033] That signal vector s (t) in several 3 received by 
the antenna element of array antenna equipment 100 cannot measure is the point which should 
be emphasized. This differs from the usual ecad array antenna with which the signal vector 
received on an antenna element is observed. In the case of array antenna equipment 100, it is 
measurable in input-signal y (t) which is a single-port output, and is used as feedback by which 
only this controls the reactance vector x of a-one number. Though still more regrettable, as 
shown in several 5, input-signal y (t) which is a single-port output is the high order nonlinear 
function of the reactance vector x, the operation of an inverse matrix is included and this makes 
generation of an analytical expression of adaptability ability difficult. Moreover, it should be 
warned that current phasor i in several 5 is also equivalent to the weighting-factor vector of the 
usual ecad array. Each component of join [ together / unlike the weighting-factor vector of the 
usual ecad array / independently and mutually ] of current phasor i is clear from several 5. The 
above-mentioned argument connotes that most control algorithms of the usual ecad array 
antenna cannot be directly applied to the array antenna equipment 100 to which the technique 
of an ESUPA antenna was applied. Therefore, it is desirable to propose the algorithm for 
adaptive control for an ESUPA antenna especially. 

[0034] Subsequently, in order to make the array antenna equipment 100 of this operation gestalt 
into an ecad, the model of the signal received is proposed. Before advancing a study, the 
steering vector of array antenna equipment 100 is given. The array antenna equipment 100 of a 
component as shown in drawing 6 (6+1) is considered. 

[0035] About the m-th antenna element Am, it is an include angle [several 17] to the shaft of 
arbitration. 

phim=2pi (m-1) / 6 (m= 1, 2, — , 6), 

It comes out and arranges. The case of m= 2 is illustrated in drawin g 6 . It comes from whenever 
[ arrival angle / of an include angle theta ] (DOA) by using the shaft of the above-mentioned 
arbitration as a reference axis, and when the wave front received on array antenna equipment 
1 00 is observed, spatial delay of d-cos (theta-phim) exists between the signals which the pair of 
the m-th reactive element Am non-supplied electric power and the 0th feed antenna element AO 
receives. This spatial delay is changed into the degree difference of electric target angle defined 
by d-cos (2 pi/lambda) (theta-phim) with wavelength lambda. Therefore, the steering vector of 
the array antenna equipment 100 in DOA of an include angle theta is defined by the degree type 
when radii are d=lambda/4. 
[0036] 

[Equation 18] 
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0(0) = 



exp{y~cos(^-^)} 




[0037] The above-mentioned case of being simple can be extended when more general. DOA 
assumes that there is a total of Q+a source of a signal which transmits the arrival input signal uq 
(t) which is thetaq (q= 0, 1, — , Q). m= 0 r and (1, — , 6) express the signal received by the m~th 
antenna element Am of an antenna, and they presuppose that it is s (t) the column vector which 
has sm (t) for the m-th component. [ sm (t) and ] Signal sm (t) is the superposition of the signal 
from Q+1 source of a signal. 
[0038] 

[Equation 19] 

Q 

'»(') = Z a m {0 q yi q {t\ (m-(U-.6) 



[0039] Here, am (m= 0, 1, 2, — , 6) (thetaq) is the rn-th component of several 18 which has 
thetaq instead of theta. At this time, column vector s (t) which appears in an antenna element 
Am can be expressed like a degree type. 
[0040] 

[Equation 20] 



[0041] It is here and is [Equation 21]. a(thetaq) **[a0 (thetaq), a1 (thetaq), a2 (thetaq), — a6 
(thetaq)] T is the steering vector defined in several 18 which has thetaq instead of theta. From 
several 3, input-signal y (t) which is the output signal of array antenna equipment 100 can be 
written like a degree type. 
[0042] 

[Equation 22] 

rtQ-^JCO- __ t T a(0 q )u q (t) 



[0043] current phasor i — and — therefore, input-signal y (t) is the function of the reactance 
vector x of several 1 . 

[0044] Next, the adaptive control processing of array antenna equipment 100 based on 
inclination is explained. It is assumed that study sequence signal r (t) currently used by this 
adaptive control processing is known by the both sides of the transmitter and receiver of a 
phase hand. A little convention of a notation is changed and henceforth writes the equivalence 
low pass signal of RF output of array antenna equipment 1 00 by input-signal y (t) with this 
operation gestalt. 

[0045] The performance index generally used with the conventional maximum grade algorithm is 
a 2nd [ an average of ] power error. It is common knowledge that a cross correlation function 
expresses approximation nature to this error expressing the difference of two signals. Instead of 
an error, the cross correlation function is adopted by our adaptive control processing the 2nd 
[ an average of ] power. Our object in here is to discover the reactance vector x of several 1 to 
which the cross correlation function between input-signal y (t) which is the output of an 
antenna, and study sequence signal r (t) becomes as large as possible. 

[0046] y (n) and r (n) are assumed to be the P-dimensional vectors which are the discrete time 
amount sample of input-signal y (t) and study sequence signal r (t) respectively. The cross 
correlation function between input-signal y (n) in time of day n and study sequence signal r (n) is 
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defined like a degree type. 
[0047] 

[Equation 23] 



\yiny{nf\ 



Pn = 



[0048] Here, superscript H expresses the transposition which takes a complex conjugate. 

Thereby, a gradient vector is defined like a degree type. 

[0049] 

[Equation 24] 



Hn dx 



[0050] Here, **rhon/**x express the derivative about the reactance vector x. 

[0051] The following procedures are used in order to discover the good reactance vector x 

which enlarges a cross correlation function as much as possible by the maximum grade method. 

(i) First, time of day n (namely, n-th iteration) is set as 1 , and it starts with the initial value x of 
the reactance vector chosen as arbitration (1). Typically, when an early directivity response 
pattern is omnidirectional, the initial value x of a reactance vector (1) is set up equally to the 
zero vector. 

(ii) Subsequently gradient vector **rhon in time of day n (namely, n~th iteration) is calculated by 
using this initial value or current estimate. 

(iii) The following estimate in a reactance vector is calculated by changing initial value or current 
estimate in the same direction as the direction of a gradient vector. 

(iv) It returns to a step (ii) and processing is repeated. 

[0052] The following steps are performed with reference to drawing 8 showing flow drawing of 
the adaptive control processing proposed in detail. Before the demodulator 42 of drawing 1 
starts radiocommunication, this adaptive control processing is performed when having received 
the radio signal including the study sequence signal from a phase hand's transmitter. 
[0053] In drawing 8 , first, in step S1, it is set as n= 1 and the reactance vector x (n) of several 1 
in time of day n (n-th iteration) is set as the initial value x of the reactance vector chosen as 
arbitration (1). Subsequently, in step S2, before starting the inner loop formation of drawin g 8 , it 
considers as a parameter m= 0 and input-signal y (t) is measured in step S3. And in step S4, 
cross-correlation-function rhon is calculated using several 23, and the above-mentioned cross- 
correlation-function rhon is substituted for criteria multiplier (multiplier of non-perturbation) rho 
[ before perturbation ] n (0). Furthermore, only 1 increments Parameter m and only delta xm is 
made to precess the m-th component xm of a reactance vector in step S6 in step S5. And in 
step S7, input-signal y (t) is measured and cross-correlation-function rhon is calculated in step 
S8 using several 23. Subsequently, in step S9, derivative **rhon/**xi which shows the inclination 
about the reactance vector x of a cross correlation function is calculated by rhon-rhon (0). 
Furthermore, in step S10 T the m-th component xm of a reactance vector made to precess at 
step S6 is returned, and the step S1 1 — setting — Parameter m — several [ the variable 
reactive element A1 non-supplied electric power thru/or / of A6 ] — while judging whether it is 
smaller than M= 6 and returning to step S5 by the inner loop formation at the time of m<M, it 
progresses to step S12 at the time of m>=M. 

[0054] In step S12, the updating value x (n+1) of the reactance vector x in time of day n+1 is 
calculated as follows using recursive relation according to an above-mentioned maximum grade 
method. 
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[Equation 25] x(n+1) = x (n) +mu**rhon [0055] Here, mu is a forward constant which controls a 
convergence rate, for example, is set as mu= 150. Subsequently, in step S13, only 1 increments 
n, and in step S14, while n judges whether the number of occurrence N determined beforehand is 
reached and returns to step S2 by the outside loop formation at the time of n<=N, the adaptive 
control processing concerned is ended at the time of n>N. Adaptive control can be carried out 
so that it can be made to converge so that a performance-index value may be made into max, 
the main beam of the control device 100 of an array antenna may be turned to a request wave 
even if whenever [ arrival angle / of a request wave ] is strange, and null may be turned to an 
interference wave by the above adaptive control processing. 

[0056] It is intuitively appropriate to become the reactance vector x good after all in the 
semantics that the continuous amendment of the reactance vector x performed to the positive 
direction of a gradient vector has a large cross correlation function. 

[0057] There are some difficult cases where it is, on the occasion of count of gradient vector 
**rhon of several 24. As mentioned above, this originates in the data that expressing a gradient 
vector analytically as a function of the reactance vector x cannot observe the signal vector 
received in the feed antenna element AO of (b) array antenna equipment 100 which is not easy 
(several 3 and several 5 reference) and the parasitic antenna component A1 thru/or each of A6 
by the existence of the operation of an inverse matrix with difficult handling in the expression of 
(a) input-signal y (t). 

[0058] In this operation gestalt, the estimate of gradient vector **rhon of several 24 is drawn by 
the activity of the approximate value by the difference of the finite of a partial derivative. 
Especially, partial-derivative **rhon/**xi of the first floor about Reactance xi is approximated to 
the variation of cross-correlation-function rhon by taking an increment to xm+delta xm in 
Reactance xm. 
[0059] 

[Equation 26] 

[0060] The reactance vector x (n+1) is computed by substituting assessment of this gradient 
vector for several 26. These steps are repeated from n= 1 to n=N, and the good reactance 
vector x (N+1) is acquired in the semantics that cross-correlation-function rhoN is large, about 
sufficiently large N. 

[0061] As shown in several 26, from the output of an antenna, only only one component of 
gradient vector **rhon is computed at once. All the components of the reactance vector x are 
serially precessed on a target, and one gradient vector is obtained repeatedly [ each / of several 
25 ]. Drawin g 7 shows the framework structure of used study sequence signal r (t). N) is 1, 2, — , 
a pseudo-random signal that consists of 1 and -1, respectively, data block r (i) — ( — i= — each 
of data block r (1), r (2), — , r (N) In the loop formation from step S5 of drawing 8 to step S1 1, in 
order to calculate M+1 component (it sets in this operation gestalt and is M= 6) of the gradient 
vector of a correlation coefficient, are repeated by a unit of M+1 time. That is, M+1 transmission 
of data block r (i) is once needed for a repeat. Here, data block [ M+1 time of ] r (i) is used in 
order to measure input-signal y (t) and input-signal [ at the time of M perturbation ] y (t) at the 
time of one un-precessing. In this case, if number [ of each data block ] of symbols r (i) is set to 
P, since it will repeat calculating the estimate of a reactance from the above-mentioned gradient 
vector N times, study sequence signal r (t) consists of a symbol of a Px(M+1) xN individual. 
[0062] As explained above, according to the operation gestalt concerning this invention, the 
adaptive control mold controller 40 Input-signal [ before starting radiocommunication by the 
demodulator 42, when the feed antenna element AO of the above-mentioned array antenna 
equipment 100 receives the study sequence signal included in the radio signal transmitted from a 
phase hand's transmitter ] y (t), It is based on study sequence signal r (t) which is the same as 
that of the above-mentioned study sequence signal, and was generated with the study sequence 
signal generator 41. Each variable reactive element A1 for turning the main beam of the above- 
mentioned array antenna equipment 100 in the direction of a request wave, and turning null in 



http://www4.ipdl.inpit.go jp/cgi-bin/tran^web_cgLejje 



2007/09/14 



JP,2002-118414,A [MEANS] 



9/10 ^— v 



the direction of an interference wave thru/or the reactance value xm (m= 1, 2, — , 6) of A6 are 
calculated and set up by performing adaptive control processing of drawing 8 . Therefore, as 
compared with the conventional example which used Hamiltonian **, even if whenever [ arrival 
angle / of a request wave ] is strange, adaptive control of the control unit or the control 
approach of an array antenna concerning this operation gestalt can be carried out so that the 
main beam may be turned to a request wave and null may be turned to an interference wave. 
[0063] In the operation gestalt beyond a <modification>, although six variable reactive elements 
A1 non-supplied electric power thru/or A6 are used, if there are the two or more [ at least ] 
numbers, they can control the directional characteristics of the array antenna equipment 
concerned electronically. Instead of it, you may have many variable reactive elements non- 
supplied electric power rather than six pieces. Moreover, the variable reactive element A1 non- 
supplied electric power thru/or the arrangement configuration of A6 were not limited to the 
above-mentioned operation gestalt, either, but only a predetermined distance has separated it 
from the feed antenna element AO. That is, each nothing feed variable reactive element A1 
thru/or the spacing d to A6 may not be fixed. 

[0064] Furthermore, a variable reactive element 23 is not limited to variable-capacitance-diode 
D, but should just be a controllable component about a reactance value. Since variable- 
capacitance-diode D is generally a capacitive circuit element, a reactance value always turns 
into a negative value. In addition, in the numerical example of a table 1, zero and a forward value 
are used as an impedance Z. By being very good in the value of the range to a negative value 
from forward, and for that inserting the inductor of immobilization for example, in variable- 
capacitance-diode D at a serial, or lengthening the die length of a parasitic element 7 more, it 
can go over the reactance value of the above-mentioned variable reactive element 23 by the 
negative value from forward, and it can change a reactance value. 

[0065] In this above operation gestalt, although cross-correlation-function rhon was used as a 
performance index of a maximum grade method, this invention may use not only this but other 
functions. As the example, square error criteria and constant envelope criteria are explained. The 
performance index of square error criteria is expressed with a degree type. 
[0066] 

[Equation 27] J=E[|r'(t)-y'(t)|2] 

[0067] Here, H expresses the absolute value of complex and E [-] expresses an ensemble 
average. Moreover, input-signal y (t) and study sequence signal r (t) are normalized like the 
degree type. 
[0068] 

[Equation 28] y'(t) =y(t) y[ /|] (t) | — [Equation 29] r'(t) =r(t)/|r (t) | [0069] When using the 
performance index of square error criteria, adaptive control of the adaptive control mold 
controller 40 is carried out so that the performance-index value J may serve as min. 
[0070] Moreover, the performance index of the constant envelope criteria of having used the 
CMA algorithm is expressed with a degree type. 
[0071] 

[Equation 30] J=E[|Iy'(t)|2-l|2] 

[0072] Input-signal y (t) is normalized by the same y' (t) as several 28 also here. Although study 
sequence signal r (t) is unnecessary at this time, it can be used only by system by which the 
envelope of an input signal serves as constant value. It is a system which specifically adopts 
modulation techniques, such as FM, BPSK, and QPSK. The adaptive control mold controller 40 
calculates the above-mentioned performance-index value based on input-signal [ when array 
antenna equipment 40 receives the radio signal transmitted from a phase hand's transmitter ] y 
(t), when the performance index of constant envelope criteria is used, it controls it so that the 
performance-index value concerned serves as min, and the above-mentioned performance index 
is a function used as min, when the envelope of the above-mentioned input signal serves as 
constant value. 

[0073] each data block r (i) which constitutes study sequence signal r (t) in the above operation 
gestalt — ( — i= — 1 , 2, — , N) — several symbols — although it was the pseudo-random signal 
which is P= 10, you may be the signal of other numbers of symbols. Moreover, adaptive control 
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processing using a study sequence may be performed to the communicative beginning, or you 
may carry out for every time period of a certain. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejye 



2007/09/14 



JP,2002-118414,A [EXAMPLE] 



1/2 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Furthermore, the simulation using the control unit of the array antenna of this 
operation gestalt and its result are explained. 

[0075] It is possible to make it difficult to describe analytically [ the engine performance ] 
existence (several 3 and several 5 reference) of the inverse matrix in the output expression from 
array antenna equipment 100. Simulation was carried out in order to verify the algorithm and 
antenna engine performance which were proposed. In our simulation, the array antenna 
equipment 100 which consisted of ESUPA antennas of a component (6+1) is used. The feed 
antenna element AO and the reactive element A1 non-supplied electric power thru/or A6 are 
lambda/4 merit's monopole components, respectively, us — all the arrival signals uq (t) — ( — q= 
— the power of 0, 1, — , Q) was chosen so that it might be set to 1. The noise assumed that it 
was what is not. The number of symbols of the data block for each count of the cross 
correlation function defined as several 23 was set as P= 10 through all simulation. 
[0076] First, the case where two signals exist from a different direction is considered. An input 
signal pair interference wave power ratio (a signal pair interference wave power ratio is hereafter 
called SIR.) is OdB by the assumption whose arrival signal is the power of 1 . As after iteration of 
N= 800 is shown in drawing 9 , a beam is turned to 0 degree of the signal for which it asks, and 
deeper null is formed towards the interference wave signal in 135 degrees. The output SIR of 
28.26dB is acquired at this time. Drawing 10 is a graph which shows the convergence property of 
cross-correlation-function rhon to the number of occurrence n when obtaining the directivity 
response pattern of drawing 9 . The number of symbols used for study of an arrival signal is 
[Equation 31]. It is P(M+1) N=10x(6+1) x800=56000 piece. 

[0077] Next, the case where five arrival signals exist is considered. DOA of these arrival signals 
is [0 degree, 40 degrees, 55 degrees, 220 degrees, 305 degrees], considers as the request wave 
signal which had asked for one, and has the -6.02dB input SIR by making other four into an 
interference wave signal. A directivity response pattern is shown in drawing 1 1 thru/or drawing 
15 . A drawing corresponds to the situation that the request wave signal has come from 0 
degree, 40 degrees, 55 degrees, 220 degrees, and 305 degrees, respectively, and outputs SIR are 
9.09dB - 1.41 dB, 2.67dB, 20.03dB, and 10.28dB, respectively. Drawing 1 2 and drawing 1 3 show 
two directivity response patterns about the case of crowded DOA with slight separation of the 
include angle between 40 degrees and 55 degrees. Both signals serve as main beams and the 
output SIR of a lower value reduces the engine performance. Here, from drawing 12 and drawing 
13 , also in the case of slight in this way include-angle separation, the technique of an ESUPA 
antenna is applied, and if the array antenna equipment 100 controlled accommodative is used, 
cross protection will be decreased, about 4.60dB reaches respectively SIR gain (namely, SIR 
difference of an output and an input), and it can improve by 8.69dB. These patterns of drawing 
11 thru/or drawing 15 are acquired after iteration of N= 1000. The number of symbols in a study 
sequence is the sum total (7x104). Drawing 16 is a graph which shows the convergence property 
of cross-correlation-function rhon to the number of occurrence n when obtaining the directivity 
response pattern of drawing 1 1 . 

[0078] Next, number of occurrence is reduced and adaptive control processing of the arrival 
signal from five sources of a signal in which it has same DOA and same Input SIR as simulation 
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of the graph shown in drawing 1 1 is reproduced (N= 100). As drawing 17 shows, a beam is formed 
toward the include angle of 0 degree for which it asks, and the interference wave signal from 
other DOA (namely, 40 degrees, 55 degrees, 220 degrees, and 305 degrees) is oppressed. Thus, 
even if it is small number of occurrence, the output SIR of 6.58dB is established still more. 
Drawing 18 is a graph which shows the convergence property of cross-correlation-function rhon 
to the number of occurrence n when obtaining the directivity response pattern of drawing 1 7 . 
[0079] Finally, the technique of an ESUPA antenna is applied and the statistical engine 
performance of the output SIR of the array antenna equipment 100 controlled accommodative is 
considered. Drawing 1 9 (at the time of N= 40) and drawing 20 (at the time of N= 1000) show the 
probability Pr (Z>=z) for the output SIR expressed with Z to exceed the real number z to which 
the abscissa was given. On the occasion of the count in connection with these drawings, the 
signal for which it asked should come from the include angle of 0 degree, and DOA of an 
interference wave signal has set it up so that uniformly at random in 0 degree thru/or 359 
degrees. All of 1000-set DOA are used in these statistics. As for the curve, the case of the Q = 
1 number of interference wave signals, 2, and 3 and 4 is drawn. As an example about how these 
curves are interpreted, drawing 20 connotes that this ecad antenna can supply the output SIR (if 
it puts in another way 26.02dB SIR gain) of at least 20dB by 80% of probability in the case of Q= 
4. When drawing 1 9 is compared with drawing 20 , it turns out that more number of occurrence 
increases the output SIR of the array antenna equipment 100 of this operation gestalt. 
[0080] The good solution method has been acquired in the semantics that our adaptive control 
algorithm explained above has a large cross correlation function between an antenna output and 
a study sequence signal. As the simulation of an example showed, in the case of the array 
antenna equipment 100 to which the technique of an ESUPA antenna was applied, the 
improvement of SIR by the proposed adaptive control algorithm can be received in some 
practical situations. That is, it is shown that seven array antenna equipments 100 can supply 
about 26dB SIR gain by 80% of probability at least. Development of the algorithm of the adaptive 
control processing concerning this invention can be adapted for the terminal of a wireless mobile 
etc., and makes the technique of the low ESUPA antenna of complexity the applicable thing. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the control device of the array 
antenna which is an operation gestalt concerning this invention. 

[Drawin g 2] It is a perspective view showing the configuration of the array antenna equipment 
1 00 of drawing 1 . 

[Drawing 3] It is the mimetic diagram showing the configuration of the feed antenna element AO 
of drawing 1 . 

[Drawing 4] It is the mimetic diagram showing the variable reactive element A1 of drawing 1 non- 
supplied electric power thru/or the configuration of A6. 

[Drawing 5] It is the sectional view showing the detailed configuration of the array antenna 
equipment 100 of drawing 2 . 

[Drawing 6] It is a top view showing the configuration of the array antenna equipment 100 of 
drawing 1 . 

[Drawin g 7] It is the sequence diagram showing the configuration of the study sequence signal 
generated by the study sequence signal generator 41 of drawing 1 . 

[Drawing 8] It is the flow chart which shows the adaptive control processing performed by the 
adaptive control controller 40 of drawing 1 . 

[Drawing 9] It is as a result of [ of the control unit of the array antenna of drawin g 1 ] simulation, 
and is the graph which shows a directivity response pattern in case the number of the sources 
of a signal is two. 

[Drawing 10] It is the graph which shows the convergence property of cross-correlation-function 
rhon to the number of occurrence n when obtaining the directivity response pattern of drawin g 
9 . 

[Drawing 11] It is as a result of [ of the control unit of the array antenna of drawin g 1 ] 
simulation, and is a level surface directivity response pattern in case the source of a signal 
makes the direction of 0 degree a request wave signal by five. 

[Drawing 12] It is as a result of [ of the control unit of the array antenna of drawin g 1 ] 
simulation, and is the graph which shows a level surface directivity response pattern in case the 
source of a signal makes the direction of 40 degree a request wave signal by five. 
[Drawing 1 3] It is as a result of [ of the control unit of the array antenna of drawin g 1 ] 
simulation, and is the graph which shows a level surface directivity response pattern in case the 
source of a signal makes the direction of 55 degree a request wave signal by five. 
[Drawing 14] It is as a result of [ of the control unit of the array antenna of drawing 1 ] 
simulation, and is the graph which shows a level surface directivity response pattern in case the 
source of a signal makes the direction of 220 degree a request wave signal by five. 
[Drawing 15] It is as a result of [ of the control unit of the array antenna of drawing 1 ] 
simulation, and is the graph which shows a level surface directivity response pattern in case the 
source of a signal makes the direction of 305 degree a request wave signal by five. 
[Drawin g 16] It is the graph which shows the convergence property of cross-correlation-function 
rhon to the number of occurrence n when obtaining the directivity response pattern of drawin g 
11 . 
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[Drawing 1 7] It is as a result of [ of the control unit of the array antenna of drawing 1 ] 
simulation, and is the graph which shows a level surface directivity response pattern in case the 
source of a signal makes the direction of 0 degree a request wave signal by five. 
[Drawing 18] It is the graph which shows the convergence property of cross-correlation-function 
rhon to the number of occurrence n when obtaining the directivity response pattern of drawing 
17 . 

[Drawing 1 9] It is the graph which shows the probability for the output SIR in case number of 
occurrence is 40 times to exceed the value of an axis of abscissa with the control unit of the 
array antenna of drawin g 1 . 

[Drawing 20] It is the graph which shows the probability for the output SIR in case number of 
occurrence is 1000 times to exceed the value of an axis of abscissa with the control unit of the 
array antenna of drawing 1 . 
[Description of Notations] 
AO — Feed antenna element, 

A1 thru/ or A6 — Variable reactive element non-supplied electric power, 
C — Capacitor, 

D — Variable capacitance diode 
R — Resistance, 
T — Terminal, 

6 — Radiating element, 

7 — Parasitic element, 

10 — Dielectric substrate, 

1 1 — touch-down — a conductor, 

12 and 13 — through hole — a conductor, 



20 — 


Coaxial cable for feed. 


21 — 


Central conductor, 


22 — 


Outer conductor, 


23 — 


Variable reactive element 


30 — 


Adjustable electrical-potential-difference DC power supply, 


35 — 


RF receive section, 


40 — 


Adaptive control mold controller, 


41 — 


Study sequence signal generator, 


42 — 


Demodulator, 


100 - 


- Array antenna equipment. 
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